In this article, we describe three uncommon variants of diverticular disease, including their epidemiology, pathogenesis, diagnosis, and treatment: cecal and right-sided colonic diverticula, giant colonic diverticula, and small bowel diverticula.
Though rare, these variants can present with a history suggestive of more common colon pathology, such as acute appendicitis or bowel obstruction. More often, they are noted at the time of operation while undergoing evaluation for other pathology. Knowledge of their more unique presenting signs and symptoms and pathogenesis can help in distinguishing them from more ominous conditions, such as malignancy, for which they are often mistaken.
Cecal Diverticula Overview
The initial description of cecal diverticulitis was reported in 1912.
1 This disease entity is much rarer than sigmoid diverticulitis in North American and European populations, with an incidence estimated at 1 to 2%. 2 Importantly, this is in contrast to Asian series, where the incidence ranges from 22 to 50%.
1,3
When compared with sigmoid diverticulosis, cecal, or rightsided diverticulosis has several manifestations. In younger patients, it can occur in the form of a single, true diverticula near the ileocecal valve; in elderly patients, it can occur as a manifestation of pan-colonic diverticulosis or in association with a malignancy. 4 While single, true diverticula are probably congenital in origin and rarer, the latter forms are more likely a result of a similar degenerative process that causes left-sided diverticulosis. 5 This distinction, while important to recognize, might not impact subsequent therapy.
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Diagnosis
Cecal diverticulitis can mimic acute appendicitis in its presentation, which makes its diagnosis challenging. In contrast to acute appendicitis, this disease often presents without nausea or vomiting and is more indolent in its course. 7 Its diagnosis should also be suspected in the setting of a prior appendectomy. It is important to rule out malignancy; rightsided perforated colon cancers can also mimic this disease and may require a different perioperative approach to diagnosing, including staging and treating. Many cases of cecal diverticulitis are diagnosed intraoperatively. Computed tomography scan with oral and intravenous contrast is the radiologic study of choice, in addition to those studies typically ordered as part of a workup for abdominal pain (►Figs. 1 and 2). Though it is important to maintain a wide differential when encountering patients with right-sided abdominal pain, cecal diverticula, and their associated complications are rare in the Western populations.
Treatment
In addition to standard approaches to prevention, which include adequate daily fiber and water intake, 8 the approach to the management of acute cecal diverticulitis is similar to sigmoid diverticulitis. Uncomplicated diverticulitis-without evidence of hemorrhage, obstruction, peritonitis, or systemic toxicitycan be treated adequately with antibiotics covering gramnegative aerobic and anaerobic bacteria. 9 The decision to admit a patient with diverticulitis, remain nil per os, and administer intravenous fluids is largely driven by the severity of symptoms.
Patients who present with complicated disease warrant an intervention, which may include percutaneous drainage of an amenable intra-abdominal abscess or abdominal exploration and colon resection. The operative indications are the same as when approaching a patient with sigmoid diverticulitis. Some authors advocate for aggressive surgical resection, which results in a right hemicolectomy in most cases, done either open or with minimally invasive techniques. 10, 11 Importantly, at the time of urgent operation, it can be difficult to distinguish cecal diverticulitis from a neoplastic process. Using components of the patient's demographics (e.g., age), history, and relevant risk factors can, in some cases, avoid a right hemicolectomy. This more measured approach to colon resection has been advocated by others, such as an ileocecectomy, diverticulectomy, or appendectomy.
6,12-15
Several Asian series have examined the role of nonoperative therapy of cecal diverticulitis as it relates to the risk of recurrence. 9, 16, 17 The incidence of recurrence is lower when compared with sigmoid diverticulitis, estimated at 3 to 18% after conservative treatment. A series from Korea retrospectively reviewed 158 patients with a mean follow-up of 37 months and documented a recurrence rate of 17%.
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Given this recurrence rate, the authors argue for an approach similar to left-sided disease when deciding on surgery.
Giant Colonic Diverticula Overview
Giant colonic diverticula refer to diverticula that are larger than 4 cm. It is a rare iteration of diverticular disease; a recent systematic review through 2015 identified 166 cases in the literature.
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It primarily affects patients between the ages of 40 and 60, similar to another diverticular disease, with a male predominance. The majority (90%) of giant diverticula are localized to the sigmoid colon with 85% occurring in concurrence of other diverticula. 20, 21 The etiology of the giant diverticula has not been described, though there are several hypotheses.
In terms of their pathogenesis, some have proposed that giant diverticula represent a complication of diverticular disease by way of a so-called "ball-valve" mechanisms wherein a diverticulum's communication with the true colon lumen is first formed and then narrowed by inflammation. [22] [23] [24] [25] This inflammatory tissue forms a false wall at the diverticular neck, allowing air to enter but not leave, yielding a progressively larger, and more cyst-like outpouching. 26 Others have suggested that many giant diverticula are true congenital diverticula. 27 Another theory involves the action of gas-forming organisms.
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Incorporating these varying theories behind their pathogenesis and based on histopathology, McNutt et al developed a classification scheme for giant colonic diverticula in the 1980s.
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Type 1 are pulsion diverticula, similar to the more common sigmoid diverticular disease, with the diverticular wall containing portions of muscularis mucosa and muscularis propria, both of which end at the colonic border. Evidence of chronic inflammation can be found in the diverticular wall. Type 2 are giant colonic diverticula that are the result of a subserosal perforation which leads to a contained perforation and abscess that gradually grows in size. Type 3 are true diverticula, containing all layers of the bowel wall; these likely have a congenital origin.
20,29-31
Diagnosis
Patients with giant colonic diverticula have a wide spectrum of presentations, with some remaining asymptomatic and others presenting with acute abdominal pain (69%), abdominal mass (17%), constipation (17%), vomiting (12%), diarrhea (11%), and gastrointestinal bleeding (9%). Others can present with more indolent signs of symptoms, such as intermittent abdominal discomfort, bloating, and constipation associated with a palpable abdominal mass. 22, 32 Up to 15% of patients can present with a complication, such as obstruction, perforation, abscess, or fistula.
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Abdominal X-ray imaging demonstrates a large cyst-like structure which may contain an air-fluid level and regular walls. Computed tomography is the preferred imaging modality. Barium enemas can also be useful in select cases (►Figs. 3-5). 
Treatment
The treatment of uncomplicated giant colonic diverticula includes surgical resection of the diverticula along with adjacent colonic tissue, particularly because of the high rate of complications-up to 19%-without surgical treatment. 35 Primary colonic anastomosis can be achieved. In complicated cases, a Hartmann's resection can be performed. Most authors in the reported case series argue against simple diverticulectomy, noting that the diverticular neck is typically wide and surrounded by chronically inflamed tissue, increasing the risk of dehiscence. Nonsurgical treatments have also been reported, including percutaneous drainage, stent placement, and antibiotics, but these options should be limited to those refusing surgery and in prohibitively high-risk patients who may be candidates for elective partial colectomy after any acute inflammatory process has resolved.
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Small Bowel Diverticula
Overview
The true incidence of small bowel diverticula, excepting Meckel's diverticula, is unknown. The largest series, which include autopsies as well both asymptomatic and symptomatic patients undergoing radiologic imaging estimate the incidence at between 1 and 7%, with the majority occurring in the duodenum in the periampullary region, followed by jejunoileal involvement, the latter being more common in the sixth and seventh decades of life.
38-43
Their pathogenesis is not clear, though it likely involves abnormalities in peristalsis and high intraluminal pressures, similar to another diverticular disease.
Diagnosis
Most small bowel diverticula are asymptomatic and not suspected clinically. They are discovered incidentally during endoscopic interventions and imaging studies obtained for other reasons. Patients with jejunal diverticula are more likely to present with symptoms.
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The most common presenting symptoms include cramping abdominal pain, which may be related to meals; nausea and emesis; biliary colic and obstruction; malabsorption due to bacterial overgrowth; complete bowel obstruction; diverticulitis; and gastrointestinal bleeding. [45] [46] [47] Rarer presenting complications can include blind loop syndrome.
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The best diagnostic tools for small bowel diverticula are contrasted imaging studies. Computed tomography with intravenous and oral contrast or magnetic resonance imaging are the imaging studies of choice. Both are adept at diagnosing diverticular disease and its complications throughout the Uncommon Diverticular Disease Mohanty, Webbsmall bowel and colon. Endoscopy also has a role, largely in patients who present with gastrointestinal bleeding.
Treatment
In asymptomatic patients who are found to have the incidental diverticular disease of the small bowel, no intervention is indicated. In patients who present with signs and symptoms of malabsorption due to bacterial overgrowth, antibiotics covering aerobic and anaerobic enteric bacteria are indicated. 49 Patients who present with small bowel diverticulitis can be managed similarly to those who present with colonic diverticulitis, with intravenous antibiotics and either bowel rest or clear liquids. Due to its rarity, data on the prevalence of recurrent small bowel diverticulitis is not reported in the literature; theoretically, this is a risk that should be considered when deciding on treatment. Surgery is indicated for any patients who present with complications of diverticular disease, including obstruction, perforation, abscess, and refractory bleeding. When surgery is indicated, the treatment of choice is resection of the involved bowel with primary anastomosis.
Conclusion
These relatively uncommon diverticular disease variants are important to keep in mind when working up patients with abdominal pain. Though in some cases, their diagnosis may prevent unnecessary or aggressive surgery, the approach to management uses many of the principles of managing the more common kinds of diverticular diseases. In most cases, when surgery is indicated, resection of the involved colon with primary anastomosis where feasible is the appropriate treatment. In select cases, more limited surgical resections, such as diverticulectomy or ileocecectomy, can be performed with good results. Fundamentally and as with any surgical disease, the approach to management should be driven by anatomy and physiology.
